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Objective: To compare the effect of Maleic acid and Irritrol (combination of Chlorhexidine & 
Ethylenediaminetetraacetic acid) irrigation on the sealing ability of Biodentine when used as root-end filling 
material. Material and Methods: Thirty single-rooted human premolars were subjected to standardized 
root canal instrumentation and were irrigated with 2.5% Sodium Hypochlorite (NaOCl) after each 
instrument change. Apical root resections were done by removing 3 mm of the apex at a 90° angle to the 
long axis of the root with a diamond bur. The root end cavity preparation was done using ultrasonic tips at 
a low power setting under water coolant. They were randomly divided into 3 groups (n=10). Group 1 was 
irrigated with 7% Maleic acid, Group 2 was irrigated with Irritrol, and Group 3 was irrigated with 0.9% 
Saline (Control). Then, the root end cavities of all the samples were restored with Biodentine and were 
subjected to leakage analysis using a glucose filtration test. The mean values for each group were calculated 
and the obtained data was statistically analysed using ANOVA with post-hoc Tukey’s test, ANOVA with 
post-hoc Games-Howell test and repeated measures ANOVA with post-hoc Bonferroni test. Results: The 
specimens irrigated with Irritrol showed least microleakage as compared to 7% Maleic acid and 0.9% Saline. 
Conclusion: A regimen involving irrigation of the root-end cavity with Irritrol followed by root-end filling 
with Biodentine can improve the apical seal. 
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A well-established approach in the treatment of persistent periapical infection when an orthograde 
endodontic treatment has failed is apical surgery [1]. To obtain a fluid tight seal of root canal system, root-end 
filling materials are expected to possess the ability to provide a good seal and other beneficial properties [2]. 
For a root-end filling material to be ideal, it should be resistant to moisture contamination, antibacterial, non-
toxic, non-resorbable, easy to manipulate, radiopaque, cost-effective, easy to adapt, non-cytotoxic and should 
also lead to regeneration of the surrounding periodontium [3]. 
Biodentine is a new calcium silicate-based cement. Its biocompatibility has been proved experimentally 
by Laurent et al. [4]. Based on all its properties, Biodentine has been reported to be a bioactive dentin 
substitute for repairing root perforations, apexification, and retrograde root filling [5]. In an endodontic 
treatment, an aseptic technique is employed in which the root canal that is infected should be disinfected. 
Intracanal medicaments and irrigants can help in disinfection, thereby enhancing endodontic 
treatment's success. Although sodium hypochlorite appears to be the most desirable endodontic irrigant, it has 
been proven that it does not have the ability to remove all of the smear layer and dissolve inorganic dentin 
particles formed during instrumentation [6-8]. Thus, for effective removal of smear layer, demineralizing 
agents like Ethylenediaminetetraacetic acid (EDTA), citric acid, etc., have been recommended as adjuvants in 
root canal therapy [9]. Maleic acid (MA) is a mild organic acid and it has been reported that 7% maleic acid 
has been more effective than 17% EDTA at the apical third of root canal in removing the smear layer of the 
root canal dentine [10]. Chlorhexidine (CHX), a bis-biguanide, is a potent antimicrobial agent and its 2% 
concentration as an irrigating solution is usually found in the endodontic literature [11]. One of the reasons 
that Chlorhexidine is popular is its substantivity (i.e., continuous antimicrobial activity) [12]. Canals irrigated 
with CHX do not negatively affect root fillings' ability to prevent fluid penetration into the root canal system 
via apical foramen [13]. 
Irritrol (two-in-one irrigation solution) is a novel endodontic irrigation solution by Essential Dental 
Systems. It is composed of EDTA, CHX and detergent. Manufacturers claim that Irritrol is a one-step 
irrigating solution that efficiently removes the smear layer and is less aggressive than conventional irrigants, 
causing less dentin demineralization [14]. 
Injudicious use of irrigants will lead to failure in obtaining a fluid tight seal of the root end restoration 
resulting in microleakage. Till date, no known studies have been carried out that evaluate the sealing ability of 
Biodentine to root-end cavities when irrigated with either Maleic acid or Irritrol. Hence the purpose of this 
study is the evaluation of sealing ability of Biodentine to root-end cavities irrigated either with Maleic acid or 
Irritrol using a glucose filtration test. The null hypothesis tested was: Both MA and Irritrol have no influence 
on the sealing ability of Biodentine when used as root-end filling material. 
 
Material and Methods 
Ethical Clearance 
Ethical clearance was obtained from the Institutional review board (IEC 255/2016). 
 
Experimental Procedures 
Thirty freshly extracted single-rooted human premolars were selected based on inclusion (sound, 
caries-free, extracted for orthodontic or periodontic reasons, single root canal and completely formed apex) and 
exclusion criteria (teeth with incompletely formed apex, teeth with resorption, cracks or with endodontic 
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restoration). Until the experiment was carried out, the teeth were cleaned and stored in 0.02% Sodium azide 
(Sigma Chemical Co., St. Louis, MO). The crowns of all 30 teeth were sectioned with a diamond disc (Horico, 
Germany) at the CEJ in such a way that the coronal section was perpendicular to the long axis of the root. The 
working length determination was done using a number 10 K file (Mani Inc., Utsunomiya, Japan) in the root 
canal till it was just visible at the apical foramen and then 1 mm was subtracted from that point. Then, the 
canal was enlarged to size F3 using rotary protaper files (Dentsply, Maillefer, Ballaigues, Switzerland). 
Between each instrument change, 5 ml of 2.5% NaOCl (KMC Pharmacy, Manipal, India) irrigation was done 
for 1 minute. Final irrigation was carried out with 5 ml of distilled water for one minute. Paper points 
(Dentsply, Maillefer, Switzerland) were then used to dry the canal. Irrigation was done with a disposable 
syringe and 27-gauge monoject needles (Ultradent Products Inc., South Jordan, UT, USA). Apical root 
preparations were done by removing 3mm of apex at a 90-degree angle to the long axis of the tooth with 
diamond bur (Tungsten Carbide - S.S. White, Lakewood, NJ, USA) under water coolant at high speed. Then, a 
3 mm root end cavity was made in those resected roots using the ultrasonic tip JT-4B, size- 0.3mm (B & L 
Biotech, Fairfax, VA, USA). 
 The 30 samples were then randomly divided into 3 groups (n=10 each): Group 1: Root end cavity 
irrigated with 7% Maleic Acid (KMC Pharmacy, Manipal, India); Group 2: Root end cavity irrigated with 
Irritrol (Essential Dental Systems, South Hackensack, NJ, USA); and Group 3: Root end cavity irrigated with 
0.9% Normal saline (KMC Pharmacy, Manipal, India). 
5 ml of all irrigating solutions were used for a period of 1 minute. Distilled water was then used for 
final irrigation for 1 minute in all the groups. Root end cavities were then dried with paper points and were 
restored with Biodentine. For a coronal matrix, before filling with root end material, a customized endodontic 
hand plugger was used where Gutta percha point (Dentsply, Maillefer, Ballaigues, Switzerland) of size F3 was 
cut 6 mm from the tip and was placed in the root canal 3 mm short of resected root apex. Wet cotton pellets 
were used to dry the canal and roots were kept in 100% humidity at 37ºC for 24 hours. 
Microleakage evaluation was done using the glucose filtration test. A modified plastic dropper (both 
ends of which were cut to accommodate the specimen) was taken. With the help of cyanoacrylate, coronal end 
of the root was glued to one end of the modified plastic dropper and the other end was connected to a 15 cm 
glass tube. Elimination of leakage at both ends was done using sticky wax and cyanoacrylate. Care was taken 
to ensure that the glue did not cover the root orifice. The tracer used in the study was 1 mol/L glucose 
solution (pH = 7.0, density= 1.09 x 103 g/L, viscosity= 1.18 X 10-3 at 37°C).  
About 5 mL of glucose solution, containing 0.2% NaN3, was added to the modified dropper from the 
plastic tube until the top of the solution became 14 cm higher than the top of root-end filling, which resulted in 
creation of hydrostatic pressure of 1.5 kPa (15 cm H2O). The glucose, which leaked from the canal, was 
collected in a glass beaker (containing 1 ml of 0.2% aqueous NaN3). 
 
Measurement of Microleakage 
A 100 µL of solution was drawn from the glass bottle using a micropipette at different time intervals 
of 24 hours, 4th day and 7th day. For the maintenance of a constant 1 ml volume, 100 µL of fresh 0.2% NaN3 
was added to the glass bottle reservoir after drawing the sample using a micropipette. Any decrease of volume 
in the control bottle due to evaporation was maintained by adding a corresponding amount of sterile deionized 
water to the glass bottle. The sample was then analysed with a Glucose kit in colorimeter at 500 nm 
wavelength. Two blinded independent evaluators conducted the colorimetric determination of glucose 
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concentration. The results of leakage in all the groups were calculated as mmol/L from the respective optical 
density observed in a colorimeter and the values obtained were then statistically analysed. 
 
Statistical Analysis 
The statistical analysis was done using SPSS version 18. A p-value of <0.05 was considered to be 
statistically significant. Inter-group comparison was done with ANOVA with post-hoc Tukey’s test and 
ANOVA with post-hoc Games-Howell test. Intra-group comparison was done with repeated measures 
ANOVA with post-hoc Bonferroni test. 
 
Results 
There was a significant difference among all three groups (p < 0.001). Post hoc test showed 0.9% 
Saline (control) showed maximum leakage at all the time intervals (24 hours, 4th day and 7th day) (p<0.001) 
compared to Irritrol and 7% Maleic acid.  On comparing Maleic acid and Irritrol, the former exhibited greater 
leakage (Table 1). There was also an overall significant difference in the mean results obtained among the 
three-time intervals. It was seen that with an increase in the number of days, the leakage increased. On the 7th 
day, the leakage was maximum compared to the leakage values on the 4th day and 24 hours. 
 
Table 1. Mean values and standard deviation (SD) of microleakage at each time interval. 
Groups Time Mean SD p-value Post-hoc Test 
Maleic Acid 24 Hours 1.47 0.25 0.001 4 Days, 7 Days > 24 Hours 
 4 Days 1.73 0.2   
 7 Days 1.82 0.17   
Irritrol 24 Hours 0.46 0.23 <0.001 7 Days > 24 Hours, 4 Days 
 4 Days 0.61 0.2   
 7 Days 0.86 0.18   
Saline 24 Hours 2.13 0.37 <0.001 7 Days > 4 Days > 24 Hours 
 4 Days 2.6 0.38   
 7 Days 3.02 0.5   
Repeated measures ANOVA with Post-hoc Bonferroni Test. 
 
Discussion 
Microleakage that occurs due to improper apical seal in pathologically involved root canals can lead to 
endodontic failure. The root-end filling material should provide an adequate seal and be compatible with the 
surrounding periodontium and prevent leakage of microbes and their by-products into the surrounding tissues 
[15]. Throughout the dental literature, we find a plethora of materials that have been used for retrograde 
filling. In the present study, Biodentine, a novel material, has been used as a root-end filling material. 
Biodentine has demonstrated ability to induce odontoblast differentiation and mineralization [16]. The 
mechanism of action of Biodentine is by the formation of hydrated calcium silicate, which precipitates on the 
cement particles and forms a matrix [17]. There are multiple advantages of using Biodentine over other 
calcium silicate-based materials. These include reduced setting time, good mechanical properties, and better 
handling characteristics [18]. The excellent adaptability of Biodentine to the underlying dentine is dependent 
mainly on micromechanical adhesion to dentin [17]. 
In the present study, root-end resections were carried out 3 mm from the apex and perpendicular to 
the long axis of tooth as it minimises the number of exposed dentinal tubules. To reduce 98% of the apical 
ramifications and 93% of the lateral canals, 3 mm of root-end must be eliminated [19]. Traditionally, round 
 Pesqui. Bras. Odontopediatria Clín. Integr. 2021; 21:e0136 
 
5 
burs with slow speed handpieces were used to prepare the root-end cavities. However, it possesses many 
disadvantages like lingual perforation of the root, non-parallel walls, and difficulty accessing the root tip [20]. 
Hence, ultrasonic tips were used to prepare the root-end cavity. Ultrasonic retro tips have many advantages 
over the traditional round bur. It has been proven that ultrasonic tips produce a cleaner and a more 
conservative root end cavity [21]. 
In the current study, the root canals were not obturated and only leakage through the root-end filling 
was checked. This allows for the variations due to the obturating materials to be eliminated. Maleic Acid used 
in our study is a weak organic acid, and has the property of removing the smear layer [22]. 7% Maleic acid was 
used in the present study as it has been reported that MA when used in a higher concentration than 7% caused 
damage to the intertubular dentin [23]. Another irrigant used in our study was Irritrol, which is a 2-in-1 dual 
function novel endodontic irrigant. Manufacturers claim that disinfection is accomplished by chlorhexidine 
(CHX) in it, which allows for a 99.99% disinfection. Smear Layer removal is accomplished by EDTA, a 
chelating agent, which removes the inorganic materials, and another proprietary blend of surfactants to 
remove the organic material.  
Since surface demineralization of the dentin and smear layer removal can affect the sealing of the root-
end filling materials, 7% Maleic acid and Irritrol have been compared in this study. Ballal et al. [10] reported 
that final irrigation with 7% MA is more efficient than 17% EDTA in removing the smear layer in the apical 
third of the root canal system and there was no significant difference in the smear layer removing ability 
between 7% Maleic acid and 17% EDTA in the coronal and middle third of the root canal when used as 
irrigants for 1 min. In our present study, since the apical third of the root had been resected, the root-end 
cavity was not exactly at the apical third of the root. The current study demonstrated that 7% Maleic acid had 
higher leakage values than the Irritrol group at all time intervals. Hence, the null hypothesis was rejected. It 
can be justified by the fact that after resecting 3 mm of root and preparing the root-end cavity of 3 mm, smear 
layer removal in that region could be more by Irritrol than by 7% Maleic acid, leading to better sealing ability 
of Biodentine. Also, the presence of surfactants in Irritrol can enhance its flow rate over a larger area. Hence, 
this could increase the sealing ability of Biodentine, leading to lesser leakage in that group as compared to 7% 
Maleic acid and 0.9% Saline groups. 
Several methods have been employed to assess the sealing ability of root end filling materials, such as 
dye leakage [24], fluid filtration [25], bacterial penetration [26], radiolabelled isotopes [27] and 
electromechanical tests [28]. However, they have their own disadvantages, like dye penetration method, 
although being simple and popular, is not reproducible and can have observer bias [29]. Results might vary 
with bacterial species used in the bacterial penetration test and it might be problematic to maintain aseptic 
condition. Also, electrochemical methods and radioisotope labelling might need sophisticated materials and can 
also pose a radiation hazard [30]. Fluid filtration method is commonly used for microleakage studies. 
However, it has drawbacks like no standardisation of measurement time, tube diameter containing bubble, 
pressure, etc., which might influence the result of the study being carried out [25]. In the present study, 
glucose filtration technique, which was introduced by Xu et al. [31] for quantitative testing of endodontic 
leakage, was used as this technique is sensitive, non-destructive and clinically relevant and inexpensive to carry 
out. The rationale for using glucose as a tracer in this study was its small molecular size and for being a known 
nutrient for the bacteria [29,32]. Hence, if it could enter the root canal system from oral cavity, the bacteria 
that might have survived after root canal preparation and obturation could multiply and potentially lead to 
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periapical inflammation. Hence, the use of glucose as a tracer in endodontic microleakage studies would be 
more clinically relevant than using other tracers. 
Different time periods for evaluation of microleakage of various root-end restorative materials have 
been used. It has been seen in various studies that with an increase in time duration, microleakage also 
increases; hence, in the present study, the leakage was evaluated at 24 hours, 4 days and 7 days [30,33]. 
 
Conclusion 
The apical seal of Biodentine retrofill can be enhanced by irrigation with Irritrol. 
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